Summary: The purpose of this study was to clarify extended indication criteria of endoscopic mucosal resection (EMR) for early gastric cancer (EGC) by analyzing the independent risk factors involved in lymph node metastasis (LNM). Subjects were 422 patients who underwent gastrectomy with lymph node dissection for EGC at the Kurume University Hospital from 1994 to 2001 . The EGCs were mucosal cancers (M) in 252 cases and submucosal cancers (SM) in 170 cases . Twelve clinico-pathological factors were assessed for their possible association with LNM . On univariate analysis, EGC with LNM showed the following characteristics: size; 3.1 cm or more , ulceration; present, heterogeneity; present, differentiation; poor , lymphatic vascular invasion; present, and invasion depth; SM2 (cancer penetration of submucosal layer , 0.5 mm or more from the muscularis mucosa). On multivariate analysis, the following four factors were identified as independent risk factors; invasion depth: Odds Ratio (OR) 10.9, lymphatic vascular invasion: OR 10 .6, size: OR 3.2, and ulceration: OR 3.2. The incidence of LNM was 0% (01141) (95% confidence interval , 0-2.6%) when these risk factors met the following four conditions: invasion depth; M or SM1 (cancer penetration of submucosal layer, less than 0.5 mm), lymphatic vascular invasion; absent , size; 3.0 cm or less, and ulceration; absent. It is concluded that EMR is a suitable radical treatment for EGC , and that the indication criteria for EMR can be extended depending on the results of the histological evaluation of the en bloc/total resected specimen concerning the above four factors for LNM .
INTRODUCTION
Recently, there has been much discussion of whether the indications of endoscopic mucosal resection (EMR) for early gastric cancer (EGC) should be extended with respect to improving quality of life [1] [2] [3] [4] [5] [6] [7] [8] [9] . EGC is defined as gastric cancer in which tumor invasion is confined to the mucosa and submucosa , irrespective of the presence of regional lymph node metastasis (LNM) [10] . For EMR to be considered an acceptable treatment for EGC, it must produce results similar to those obtained by surgery with respect to radicality, safety, and technique. Briefly , it will be necessary to demonstrate, by sufficient histological evaluation after treatment, that the risk of LNM is extremely low. In addition, it is essential that an en bloc/total resected specimen be collected , regardless of the location or size of the lesion [11] [12] [13] .
Previously, the size and location of EGCs in which en bloc/total resection was possible was limited due to technical issues with EMR [1, 14, 16] . Therefore, indication criteria for EMR were more strict in the past [1] . Currently, the accepted indications for EMR in Japan are well -differentiated mucosal lesions less than 2 cm in size without ulceration. However, the recent development of new endoscopic devices, such as the insulated-tip electrosurgical knife (IT knife) [11] [12] [13] [14] and the Hooking knife [15] , has resolved many of these technical issues.
In the present study we investigated the presence or absence of LNM, which is the most important factor related to extending the indication criteria of EMR in patients with EGG, clarified the clinicopathological risk factors for LNM, and examined the conditions under which EMR can be selected as a suitable radical treatment for EGG. When the above 2 histological types were mixed, lesions were defined as "present". 9) Differentiation: 3 categories; well, moderate, and poor. Differentiation was defined as representing not the quantitatively predominant histological type but the most poorly differentiated areas.
10) Ulceration: 2 categories; absent and present. Lesions in which macroscopic and histological findings showed fold convergence or submucosal fibrosis were defined as "present". 11) Lymphatic vascular invasion: 2 categories; absent and present. 12) Invasion depth: 3 categories; M, SM1 and SM2.
Among lesions infiltrating the submucosal layer, those in which the infiltration distance from the muscularis mucosa was less than 0.5 mm were evaluated as SM1, while those in which the distance was 0.5 mm or more were evaluated as SM2.
Examination of risk factors for LNM Multivariate analysis (logistic regression analysis) was performed using the presence or absence of LNM as an objective variable and the above factors selected by univariate analysis as explanatory variables. To select variables that may be risk factors for LNM, the variable-increasing method using the likelihood ratio test was used. Explanatory variables with a correlation coefficient of 0.9 or more or with multiple commensal linearity were excluded. The odds ratio (OR) in each factor and 95% confidence interval (95%GI) were calculated. 
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The four conditions with the lowest risk of LNM were: invasion depth; M or SM1, lymphatic vascular invasion; absent, size; 3.0 cm or less, and ulceration; absent. When lesions met these conditions the incidence of LNM was 0% (0/141) (95%CI, 0-2.6%) (Tables 3, 4) .
Among EGC lesions surgically resected in our hospital, 53.2% met the four conditions (134/252, .5%) in the case of M and 15.6% (7/45, 95%CI: 6.4-29.5%) for SM1. Overall, the rate was 33.4% (141/422, 95%CI: 28.9-38.1%) (Fig. 1) .
Many previous retrospective studies reported on clinico-pathological conditions regarding LNM in EGC and extended criteria for EMR [1 -9] . However, the statistical limitations of univariate analysis in these retrospective studies include randomization, selection bias, survey omission, and confounding factors. Therefore, it has been pointed out that study design and analytic evaluation should be performed more carefully than in prospective studies [17] . Multivariate analysis is has recently been used as a more appropriate statistical procedure. However, previous studies have mainly analyzed LNM with respect to the histological type [181, macroscopic type [19] , size [20] , or have investigated submucosal invasive cancer alone [21] [22] [23] .
In the present study, we investigated the risk factors for LNM using multivariate analysis in patients with EGC (mucosal and submucosal cancers) who underwent surgery. Initially, univariate analysis revealed that EGC with LNM showed a larger lesional diameter, a higher incidence of ulceration, more marked heterogeneity, poorly differentiated areas, and deeper infiltration (Table 1) . Considering these characteristics, multivariate analysis was performed to adjust confounding factors among individual clinico-pathological factors. As a result, the following four factors were extracted as the independent risk factors for LNM: invasion depth; OR 10.85, lymphatic vascular invasion; OR 10.56, size; 0R3.22, and ulceration; 0R3.21. It was shown that the risk of LNM increased with the odds ratio ( Table 2 ).
In addition, we investigated the conditions for adoption of EMR. In resected EGC lesions the incidence of LNM was 0% (0/141) (95%CI: 0-2.6%) (Tables 3,4) when the four independent risk factors identified above met the following conditions: invasion depth; M or SMI, lymphatic vascular invasion; absent, size; 3.0 cm or less, and ulceration; absent. The results of this study were similar to those reported by several other investigators with respect to these four factors [1] [2] [3] [4] [5] [6] [7] [8] [9] [18] [19] [20] [21] [22] [23] . However, multivariate analysis showed that the above four factors independently and markedly influenced LNM, and that the histological type was not a risk factor for LNM. There was no significant difference in invasion depth between SM1 and M cancers among EGCs. This is an important finding with regard to extended adoption of EMR.
With respect to size and ulceration, the possibility of SM invasion is higher and ulceration develops more readily in larger lesions. In addition, from the technical perspective of en bloc/total resection, a condition of 3 cm or less may be considered safe.
As for lymphatic vascular invasion, this may be the most important direct route to the lymph nodes . However, it is impossible to evaluate the presence or absence of lymphatic vascular invasion preoperatively, therefore postoperative histological evaluation is essential.
With respect to histological type, EMR has previously been indicated only for differentiated cancers [1] . However, this study suggested that EMR is applicable for lesions meeting the above four conditions regardless of whether they were differentiated or undifferentiated. In clinical practice, non-serial infiltration sometimes makes it difficult to identify the extent of infiltration and to evaluate the stump in undifferentiated type, and this is a diagnostic issue [7] . Currently, careful local treatment is indicated, and sufficient investigation of this issue should be performed in the future.
As described in the Introduction, to more accurately evaluate the status of these four risk factors, an EMR procedure must be employed, in which an en bloc/total resected specimen can be obtained, there by facilitating evaluation similar to that of surgery [3, [11] [12] [13] [14] [15] . When resection is fragmented, the bruised margin makes it difficult to evaluate the stump, and the degree of radical treatment cannot be adequately evaluated. This issue is particularly important in lesions for which local treatment is indicated. When en bloc/total resection is technically impossible, indications of EMR should not be readily extended.
In approximately 30% (Fig. 1 ) of patients with EGC who underwent surgery in our hospital, it was suggested that EMR was a suitable radical treatment. However, a large-scale prospective study should be carried out to determine whether the extended criteria for EMR in this study (Table 4 ) can be applied in clinical practice. Furthermore, not only treatment techniques but also the accuracy of preoperative diagnosis must be further improved in order to promote this treatment in clinical practice.
In conclusion, EMR is a suitable radical treatment for EGC. Based on the extended criteria identified in this study, it is expected that EMR can replace surgery in more EGC cases that had previously been indicated.
